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INTRODUCTION
The stable-isotope composition of precipitation is the result of fractionation processes that occur in the atmosphere. Isotopic trends in precipitation have been phenomenologically related to latitude, altitude, distance from moisture source area, season, precipitation, and air temperature (Dansgaard, 1964; Fritz and Fontes, 1980) . Even though tritium ( 3 H) concentrations are small and relatively uniform over the oceans throughout the year, over the continents 3H increases in the lowest 2 kilometers of the troposphere during summer (Ehhalt, 1971 (Ehhalt, , 1974 Fritz and Fontes, 1980) . Ehhalt has attributed the occurrence of the summerprecipitation 3H peak to re-evaporation of continental moisture.
This progress report presents oxygen-18 (6 180), deuterium (6D), 3 H and temperature data collected from 12 stations in southern Nevada from August 1983 through August 1986.
METHODS
Precipitation-sampling stations were established at 12 locations throughout southern Nevada ( fig. 1 ) from August 1983 through August 1986. The location and altitude of each station are given in table 1. Samples usually were obtained within 24 hours of the cessation of precipitation. A large vertical cylinder that contained a plastic bag was used as a precipitation collector. The plastic bag was narrowly constricted to retard evaporation prior to collection ( fig. 2) . The precipitation collected in the plastic bag (referred to as precipitation collected) was calculated by dividing the volume of precipitation by the area of the collector (1,640 square centimeter).
Sequential rain samplers (Adar and others, 1980), (fig. 3 ) were placed at two sampling sites. Data from these samplers are being used to determine the change in 60 18 -6D (amount effect) occurring during a storm. The collection device for the sequential samplers has a surface area of 5,030 square centimeters and the average volume of the collection cylinders is 470 milliliters.
The date and approximate time precipitation began and ended, the amount collected in milliliters, and type of precipitation (rain, snow, hail, and so forth) were recorded at the time of sample collection. These data hereafter are referred to as onsite measurements.
The moisture content of snow was determined by measuring the depth of snow on a snowboard and then pushing an inverted graduated cylinder into an undisturbed area of snow. The snow was allowed to melt at room temperature and the depth of water was measured. Moisture content was recorded as the ratio of depth of water to depth of snow. When moisture content and snowdepth data were both available, equivalent rain was calculated by multiplying moisture content by snow depth. The calculated equivalent rain was then compared with the equivalent rain collected in the cylinder. The comparison indicated that at snowfalls in excess of 2 centimeters equivalent rain, no correlation exists between the data sets. The lack of correlation for these larger events may be attributed to drifting of snow across the snowboard, or partial snow-melt prior to measurement. Also, if the snow fall was not vertical, the amount collected in the cylinder may be incorrect. Prior to January 26, 1985 , no data were collected concerning the amount of snow on the board or the moisture content. For the remaining samples, snowboard and moisture content measurements were not always available.
Samples were bottled, sealed, and sent to one of four laboratories for analysis. Samples collected prior to February 20, 1985 , were sent to the U.S. Geological Survey Stable Isotope facility in Reston, Virginia. From February 20 to September 30, 1985 , samples were sent to the U.S. Geological Survey Stable Isotope facility in Menlo Park, California.
From September 30, 1985 to March 12, 1986 , samples from Sandy and Ki stations were sent to Global Geochemistry in Canoga Park, California. All samples collected after March 12, 1986 , and samples from stations Kathy, Gail and Lucky collected from September 30, 1985 , to March 12, 1986 , were sent to the U.S. Geological Survey Stable Isotope facility in Denver, Colorado. During 1985, factory calibrated Campbell Scientific 21X Microloggers, 1 in addition to temperature probes and tipping-bucket rain gages, were installed at seven stations ( fig. 4) . The micrologger was used to record Julian date, time, average temperature, maximum temperature, minimum temperature, and the number of rain-gage tips, during 15-minute intervals in digital form. The air temperature was measured approximately 1 meter above ground level. The tipping bucket rain gage recorded one tip each time the bucket filled with 0.025 centimeter of rain. Temperatures were recorded to four significant figures and are assumed accurate to one decimal place.
Digital data were transferred monthly onto cassette tapes. The tapes were translated and data entered into a computer-generated data base. Onsite observations were entered into the data base.
Prior to the installation of microloggers (August 18, 1984) , data from the Sandia National Laboratories' meteorological towers at Yucca Mountain (H.W. Church, Sandia National Laboratories, written communication, 1984) were used to determine time and temperature of precipitation at Yucca Mountain stations (Sandy, Dianne, Marge, Carolyn, and Robin). The data included air temperature 3 and 10 meters above ground and the accumulated precipitation at 20-minute intervals. The 3-meter data were used to calculate average temperature, maximum temperature, minimum temperature, and total precipitation.
For each occurrence of precipitation after the installation of microloggers, temperature data were extracted from the micrologger data base. The mean temperature was calculated as the arithmetic mean of the average temperatures recorded while tips were occurring during storm intervals. of trade names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey. 
COMPARISON OF MICROLOGGER DATA WITH ONSITE MEASUREMENTS
Micrologger data-base files were scanned to determine times when the tipping bucket was activated. It was assumed that precipitation began when the first tip was recorded, and ended when the last tip was recorded. The number of tips, multiplied by 0.025 centimeter, was used to calculate the total precipitation.
The following discrepancies were noted during the comparison of onsite measurements and micrologger data.
1. The tipping bucket sometimes tipped when precipitation did not occur. In these instances, it was assumed that winds caused the bucket to vibrate and tip. 2. The unheated rain gage was not designed to operate during snow storms. Therefore, no time and temperature data are presented for snow storms. 3. Sometimes precipitation that collected in the cylinder was not documented by the micrologger-tipping-bucket assembly. The reason for this is not clear, although the bucket may have become lodged. 4. Difficulties also were encountered when the tipping bucket recorded tips followed by periods when no tips occurred. When intermittent tips of this type were recorded, it was difficult to determine if more than one precipitation event occurred, or if the tipping bucket had malfunctioned. The intermittent tips may represent a sporadic storm, or may indicate that one storm ended and later another storm entered the region. Temperatures were extracted and averaged only for the periods when tips were occurring. 5. Battery failure or electronic malfunctions in the micrologger resulted in data loss. Data also were lost when the memory was filled and overwriting occurred. 6. The observer's estimate of time of precipitation usually was no more precise than the 24 hours preceding the time of sampling.
A comparison of precipitation amounts collected in the plastic bag with precipitation recorded by the tipping-bucket-micrologger system for precipitation intervals, uncomplicated by discrepancies, is shown in figure 5 . The comparison indicates a significant degree of correlation (r 2 = 0.79) between both systems of measurement. However, note that the regression line is not coincident with the line of equal amounts. (Tables 2-7 are at the back of this report.) A data code has been assigned that refers to the method used to determine when rain began and ended for storms occurring after the installation of microloggers. If no code is indicated, micrologger and observer data were in agreement. Isotope data and equivalent rain for snowstorms are given in table 6. Isotope data for samples obtained using sequential rain samplers are given in table 7.
SUMMARY
The results of stable-isotope and tritium analysis of precipitation samples from 12 stations in southern Nevada are tabulated in this report. Temperature data are presented also. The sampling program was designed to obtain a data base for future interpretive studies. The data base includes 6 180, 6D, and 3H content of precipitation samples, with the air temperature corresponding to the precipitation interval. A regression analysis for rain after the installation of micrologger systems is shown in figure 5 . The precipitation collected in the cylinder correlated well with the precipitation recorded by the tipping bucket. Therefore, cylinder data alone can be used to record the precipitation when tipping-bucket data are lacking. A comparison of onsite measurements of snow with the amount collected in the cylinder indicates that the data sets are in agreement for storms of less than 2 centimeters equivalent rain. The data are being used to determine the timing and origin of regional ground-water recharge at Yucca Mountain.
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